Data on cytomegalovirus infection (CMV) prevalence and course in hospitalized infants are rather scarce, obsolete and considerably inconsistent. AIM: to determine the prevalence, rate of clinical manifestations, risk factors and predictive capacity of clinical manifestations of CMV infection in hospitalized infants during their fi rst year of life. PATIENTS AND METHODS: All 163 infants hospitalized in the Pediatric Ward for Nonrespiratory Pathology in a tertiary hospital were serologically screened for cytomegalovirus infection for 10 months. In infants up to 6 months old that were CMV IgG (+) and CMV IgM (-) we followed up the CMV IgG concentration or compared it with that of their mothers. RESULTS: The CMV prevalence for the entire study sample was 33.1 ± 3.7% (54 seropositive out of 163 examined infants); in newborns it was 19.4 ± 6.7% (7 of 36), in infants aged 1-3 months -23.8 ± 5.4% (15 of 63), in 4-6-month olds -28.1 ± 8.1% (9 of 32), and in 7-12-month old -71.9 ± 8.1% (23 of 32). The rates of clinically apparent infections in the respective groups was 33.3 ± 6.5%, 57.01 ± 20.2%, 53.3 ± 13.3%, 33.3 ± 16.6%, and 13.0 ± 7.17%. The overall rate of clinically apparent CMV infection in all 163 children was between 11.0 ± 2.5% and 17.2 ± 2.9%. The probability of CMV infection increased with age and duration of breastfeeding. Hepatitis, cerebral vasculopathy and pneumonia (alone or combined) turned out to be predictors of CMV infection, but none of these symptoms had a frequency greater than 22%. CONCLUSIONS: We found a high rate of cytomegalovirus infections in hospitalized infants less than one year of age. This infection is the reason why at least 10% of the newborns and 12% of the children aged 1 to 3 months were hospitalised. The course was clinically apparent in over half of the infected children of up to 3 months of age.
INTRODUCTION
Cytomegalovirus infection (CMV) is among the most common infections during the fi rst year of life. [1] [2] [3] The population rate of congenital CMV infection ranges from 0.04% to 2.2% depending on geographical and socio-economic factors. 2, 4, 5 Studies conducted in Bulgaria between 1992 and 1997 showed the congenital CMV infection to have a relatively high incidence rate (2.4%) in newborns. 6 However, most of the infections occurring in the fi rst year of life are postnatal or perinatal as a result of which more than one-third of children are CMV seropositive at about 12 months of age. 7, 8 In clinical practice, risk assessment for complications, indications for antiviral treatment and resource planning are based on data about the CMV infection rate in hospitalized children. These data differ from the population data, and very often are scarce, obsolete and considerably inconsistent -CMV is found in 3.0% to 9.8% of all hospitalized infants 9, 10 and in 38.2% to 80.9% of the children in the fi rst three months after birth. 11, 12 There are very little actual data about the prevalence, symptoms and risk factors for the infection in hospitalized infants.
Objective: the present study aims at determining the prevalence rate, the rate of clinical manifestation, Serodiagnosis of CMV infection: Serological testing to detect CMV IgM and determination of CMV IgM antibodies concentration at admission to the Ward (EIA-1796 and EIA-1797, DRG International Inc., USA). In IgM negative -IgG positive infants at age 3-6 months concentration of maternal IgG was measured, while in infants with the same serological status at age 0-3 months the concentration of their IgG was retested 1-2 months after baseline.
CLASSIFICATION OF THE СМV INFECTIONS 1
Present infection -if the child is CMV IgM positive; if the child is CMV IgG positive after 6 months of age; if the CMV IgG concentration increases or is persistent; if the child's CMV IgG concentration is higher than that of the mother.
Possible infection -in 0-6-month-old children that are CMV IgM-negative and CMV IgG-positive and there is no monitoring of CMV IgG or comparison with the maternal CMV IgG.
No infection -if there are no CMV IgM and CMV IgG; if only CMV IgG is detected in infants up to 6 months of age with decreasing concentration and/or lower concentration than the maternal CMV IgG.
CMV INFECTIONS CLASSIFIED BY CLINICAL COURSE
Symptomatic infection -if there are symptoms for congenital or acquired CMV infection (see Addendum), after ruling out other possible pathological conditions. Concomitant infection -if there are symptoms of CMV infection, but in addition there are other etiological factors that may account for these symptoms (e.g., hypoxic-ischemic encephalopathy).
Asymptomatic infection -if the infection has been diagnosed in a child hospitalized for other reasons and not having symptoms indicative of CMV infection (e.g., obstetric brachial plexus paralysis in a child.)
Age groups: newborns (0-1 month of age), 1-3 months old, 4-6 months old, and 7-12 months old. INFECTION (1, 9) The admission history included information about the patient's age, length of breastfeeding (weeks), total duration of previous hospitalizations, prematurity or low weight at birth, transfusion of blood or its derivatives, whether or not the infant has been reared in an orphanage, low family income (as self-reported by the family or if the baby has a single female parent or an unemployed father).
RISK FACTORS FOR CMV
A list of the common CMV symptoms searched on admission to the Ward 1 : hepatosplenomegaly, icterus, hepatitis, abnormal muscle tone, developmental delay (DD), seizures, encephalitis, microcephaly, hypacusis, visual defi cit, cerebral vasculopathy, cerebral calcifi cations, chorioretinitis, pneumonia, fever longer than 7 days, thrombocytopenia, hemolytic anemia and lymphocytosis (see Addendum).
Procedures in the Ward: Passport data and information regarding patients' history, symptoms of CMV infection and risk factors were documented in a specially designed card upon admission to the Ward. CMV IgM and CMV IgG were tested in the fi rst blood sample taken after admission. Based on the results we got, within 72 hours we assessed whether it was necessary to study the maternal CMV IgG or to follow-up the child's CMV IgG as instructed in the algorithm discussed earlier.
Statistical analyses included the analysis of variance, the t-test, the Fisher's exact test, χ 2 , the Kruskal-Wallis test, dispersion analysis, ROC curves and logistic regression models. P > 0.05 was accepted as level of signifi cance for the null hypothesis. All data were analysed using SPSS (version 13).
The study was approved by the Science Ethics Committee at Plovdiv Medical University.
RESULTS
During the study period 169 children aged up to 356 days were admitted to the Ward. Six children were excluded from the study: 5 due to failed serological testing for CMV and 1 because of parental refusal to participate. The remaining 163 children were the units of observation. Of these, 99 were boys (60.7 ± 3.8%), and 133 lived in urban settings (81.5 ± 3.0%). The most common reasons for admission to the Ward were presence of hepatosplenomegaly (in 36 infants), abnormal muscle tone (in 33 infants), icterus (in 28), pneumonia (in 21), developmental delay (in 20), hepatitis (in 19), seizure (in 16 infants) and some others, some children being hospitalized for more than one reason. One hundred and eighteen children were breastfed, 52 children had been hospitalized previously, 22 were preterm babies or had intrauterine hypotrophy, 17 received blood and blood products, 4 were reared in an orphanage and 47 were born to low-income families.
CMV infection was found in 54 children (33.1 ± 3.7%). There was no infection in 101 children (62 ± 3.8%), while 8 (4.9 ± 1.7%) were identifi ed as having a possible infection.
We detected CMV infection in 7 (19.4 ± 6.7%) of the 36 one-month-old newborns, in 15 (14.8 ± 5.4%) of the 63 one-to-three-month old infants, in 9 (28.1 ± 8.1%) of the 32 children 4-6-month of age and in 23 (71.9 ± 8.1%) of the 32 children 7-12-month old. The number of children with possible infection was 3, 4, 1, and 0 in the respective age periods, and with no infection -26, 33, 22 and 9, respectively. The increase of the infection rate in children with age was statistically signifi cant (χ 2 = 28.78; p < 0.0001) (Fig. 1) .
CMV infection was classifi ed by clinical course in 54 children as follows: symptomatic in 18 (33.3 ± 6.5%), concomitant infection in 10 children (18.5 ± 5.3%) and asymptomatic in 26 children (48.1 ± 6.8%).
The infection was symptomatic in 4 (57.01 ± 20.2%) of the 7 infected newborns, in 8 (53.3 ± 13.3%) of the 15 infected infants at the age of 1-3 months, in 3 (33.3 ± 16.6%) of the 9 infected children 4-6 months of age, and in 3 (13.0 ± 7.17%) of the 23 infants with CMV infection of 7-12 months of age. The infants with concomitant infection were 2, 3, 0, and 5 in the respective age groups, and with asymptomatic infection -1, 4, 6 and 15, respectively. The decrease of the number of cases with a symptomatic course accompanied with increase of asymptomatic infections with age was statistically signifi cant (χ 2 = 13.64; p < 0.05) (Fig. 2) . No correlation was found between gender and the presence of CMV infection or its course (p > 0.05).
Analysis of the suspected risk factors for CMV infection revealed that the probability of infection increases with age and with the duration of breastfeeding (Table 1 ). There were no children in the study that were fed with thawed breast milk. We found no correlation between the presence of CMV infection and the length of hospital stay, premature birth, transfusion of blood and its products, rearing in an orphanage or low family income. None of these risk factors, with the exception of age, correlated with the symptomatic or asymptomatic course of the infection. The analysis of the available clinical and paraclinical data at admission to the Ward showed that only hepatitis correlated signifi cantly with presence of CMV infection (Table 2) .
We performed a multifactorial multistage logistic regression analysis to assess the predictive value of symptoms at admission to the Ward to identify CMV infection (Table 3 ). The factors included are All factors except age, were encoded binary (0 = absent, 1 = present). Of all the factors originally employed in the model as independent predictors of a diagnosis of CMV infection only four remained -age, hepatitis, cerebral vasculopathy and pneumonia (p < 0.001, χ 2 = 39.49). Cerebral vasculopathy had a borderline probability (P = 0.077), but it remained in the regression because it raised the overall predictability of the model. Hepatitis was of primary importance for making a diagnosis of CMV infection, followed in descending order by cerebral vasculopathy and pneumonia. Greater age also increases the likelihood of occurrence of CMV infection. The resulting regression model is characterized by a very good diagnostic and prognostic capacity -72% sensitivity, 80% specifi city, 78% accuracy, area under the curve (AUC ) = 0.786 (p < 0.001).
DISCUSSION
Unlike other studies available in the literature 9, 10, [12] [13] [14] [15] [16] , this study is the only one that uses a reliable screening method throughout the fi rst year of life. The serological studies of Vassileva in Sofi a in 1978 13 and Pancharoen in Thailand in 1998 11 also include the age from 0 to 12 months, but they do not assess the CMV IgG concentration or make comparison with the maternal CMV IgG, which is the reason why they do not provide reliable data for the prevalence rate in the fi rst 6 months. The methodology employed in the present study allows us to make comparison between the prevalences and clinical courses of CMV infection during this most diverse period of development in terms of manifestations, severity and prognosis of the infection.
This study is a screening investigation with a selection bias based on indications for admission to a tertiary hospital. The results obtained should be regarded as representative for other pediatric Wards of a similar rank and with similar indications for hospitalization.
The CMV infection prevalence in hospitalized infants up to one year of age is 33.1±3.7% (95% CI = 25.8 ÷ 40.3%). It is higher than prevalence rate (16%) found in a pediatric chronic care unit in the United States 14 , but lower than the data obtained in a serological screening in a hospital in Thailand, showing a rate of over 60% 11 .
The prevalence we found (19.5%) in the fi rst month of life is similar to the results acquired through analysis of viral excretion: 15.7% in Hungary 10 and 12.6% in Egypt 15 , or by screening for CMV IgM in India -12.5% 17 . Data from a Neonatal Unit in the United States showed a lower prevalence (3.0-5.7%). 9 Judging from literary evidence for the occurrence of own CMV antibodies after 4 weeks of infection 1 , we can assume that the majority of infections in newborns are congenital, and therefore increasing the risk for neurodevelopmental complications. The fact that CMV infection was found in almost one-fi fth of the newborns in the study sample indicates the social signifi cance of the problem.
Based on data reported in the relevant literature about a greater population rate of perinatal infection (40-60% in breastfed newborns) 1, 3, 15 in comparison with the rate of congenital infection, and of a minimum incubation period of one month 1 we can assume that most of the infections after one month of age are acquired during and after birth. Their rate in the present study is close to 25% and is less than the rate of 38.6% for the perinatal cytomegalovirus infection in a Brazilian hospital. 12 A prevalence rate of 72% in the second six months is comparable with the results from a previous study conducted in Bulgaria 13 , while the data from other countries range from 38.2% in Australia 7 to 93.3% in Turkey 8 . The overall rate of clinically apparent CMV infection in hospitalized infants up to one year of age was between 11.0 ± 2.5% and 17.2 ± 2.9% (18 of 163 or 28 of 163 children) depending on whether or not the 18 infants with symptomatic infection are accompanied by the 10 infants with a concomitant infections. No comparable data were found in the available literature.
We found a high rate of symptomatic CMV infection in hospitalized children in the fi rst four months of life (12 out of 22 infected, 54.5% ± 10.9%.). According to population studies congenital and perinatal infections are symptomatic in about 10% of cases. 14, 16 Hospital-based studies have reported a higher rate -12.5 to 23%. 2,16 A Nagy et al. 10 found 6 children with clinical manifestations of infection out of 10 newborns with congenital CMV infection in Hungary. T Tomasik et al. 18 also found a higher rate of infections running a symptomatic course (16 out of 27 (59%) infected in a neonatal intensive care unit). It can be assumed that the higher rate of symptomatic infections in this study, as well as in the latter two cited studies, is due to the specifi c pathology managed in the Ward where the study was conducted. It is also possible that other risk factors, still unknown, to increase the clinical severity of the infection.
On the basis of the rate of СМV infections and the rate of symptomatic cases (after excluding infants with concomitant infection), it can be concluded that the СМV infection was the reason for hospitalization of at least 10% of newborns and 12% of children aged 1-3 months.
The greater age and the longer breastfeeding were confi rmed as risk factors for СМV infection, which is consistent with the literature data 1, 15 , although the data regarding the risk in breastfed premature infants are controversial 19 . Duration of previous hospitalizations did not prove to be a risk factor in this study in spite of the literary data. 9 Prematurity is a risk factor according to some authors 9, 15 , but this fi nding is refuted by others 5, 10, 11 , as do the authors of the present study. Low family income, rearing in an orphanage and infusion of bioproducts, which showed no correlation with CMV infection in the present study, are risk factors according to some authors 1,9 but not to others 11, 15 .
The analysis of the clinical and paraclinical data which are the reason for hospitalization or are established during the fi rst examination in the hospital aims to determine which symptoms have a reliable predictive value for СМV infection so that they can serve as indications for timely diagnostic tests for СМV. Although hepatitis 20, 21 , cerebral vasculopathy 22 and pneumonia 1 are the commonly recognized manifestations of СМV infection, none of these symptoms show a rate greater than 22%. It turned out that the sensory and hematological disorders, although more specifi c 1 , are rare or established only during hospitalisation of the children, while very common disorders such as hepatosplenomegaly, abnormal muscle tone and developmental delays do not have suffi cient specifi city.
CONCLUSIONS
We found a high prevalence rates of cytomegalovirus infection in hospitalized infants less than 1 year of age. This infection is the reason for hospitalization for at least 10% of the newborns and 12% of the children aged 1 to 3 months. The course of the condition is clinically apparent in over half of the infected children of up to 3 months of age. Signifi cant risk factors for СМV infection are greater age and prolonged breastfeeding. Hepatitis, cerebral vasculopathy and pneumonia (alone or in combination) proved to be predictors of СМV infection, but none of the symptoms had a rate exceeding 22%.
